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(57) ABSTRACT

An operation noise control method for an air conditioner
includes: a step (S1) of detecting an operation mode of the
air conditioner; a step (S2) of operating an air flow guide
panel (20) in accordance with the detected operation mode
and controlling the air flow guide panel (20) so as to form
a duct-like outlet passage (10) in a vicinity of an outlet (5);
a step (S3) of selecting a sound wave which is preset in
accordance with the operation mode; and a step (S4) of
radiating the selected sound wave in the duct-like outlet
passage (10) from a speaker (21).
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FIG.6A THE PRESENT INVENTION
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FIG.13
( staRT )
S31——  DETECT OPERATION MODE

CONTROL AIR FLOW GUIDE PANEL
S32—— IN ACCORDANCE WITH
OPERATION MODE

533—| DETECT SOUND WAVE OF OPERATION
NOISE BY REFERENCE MICROPHONE

INVERT PHASE OF SOUND WAVE

S34— DETECTED BY REFERENCE
M1CROPHONE
S35—— RADIATE SOUND WAVE HAVING

INVERTED PHASE FROM SPEAKER

END



U.S. Patent

FIG.14

Oct. 11, 2016 Sheet 14 of 20

S41——

DETECT OPERATION MODE

S42—

CONTROL AIR FLOW GUIDE PANEL IN
ACCORDANCE WITH OPERATION MODE

<

US 9,466,284 B2

S43——

DETECT RPM OF FAN

S44——

COMPARE DETECTED FAN RPM WITH FAN
RPM WHICH IS SET IN ACCORDANCE
WITH OPERATION MODE

S45

NO

S DIFFERENCE
ITHIN PRESET
RANGE?

YES

I
W

S46——

DETECT SOUND WAVE GENERATED IN
INDOOR UNIT BY REFERENCE MICROPHONE

S47—

INVERT PHASE OF SOUND WAVE DETECTED
BY REFERENCE MICROPHONE

S48——

RADIATE SOUND WAVE HAVING INVERTED
PHASE FROM SPEAKER

END



U.S. Patent Oct. 11, 2016

FIG.15

Sheet 15 of 20

" ]

US 9,466,284 B2




U.S. Patent Oct. 11, 2016 Sheet 16 of 20 US 9,466,284 B2

FIG.16
20
10 /‘/

""""""""""" T 7 T S
L, D o ololo o o 21 |
: 15 150 15l 15 15 1 |
A W N I W Py 12 g
L 22— | 2

' f ojojojofo




US 9,466,284 B2

Sheet 17 of 20

Oct. 11, 2016

U.S. Patent

NV

m NO11¥0d ” NOT1¥0d m INGHAOND T
: | ONIL1DFNY0D ONININYAL3A T3ATT| NOT 1934409
{ | _3IAVM ONNOS  j<q | 3STON NOI1DI¥Y0D [~
Py 45 /7
: NO11¥0d : €¢
m s ¢-JONINIALIA TINTT <
: m 3SION JONFYIY |
1606 { v hie :
: NOT1¥0d :
LEVLELRN A|_| % “ »m__mm_ DNILYIANI m ANOHJOYOIW
" YYAdS < ASYHd < EWELEEEL!
1z : ; “ :
A Y — Ole 4
m NOIL1¥0d m NOI 1¥0d " 2z
| BN1193130 —>  HNIYVdW0D m
; Wdd NV m Wdy NV "
i G0E— { 90€ A m
" m NOT L40d "
: NOT1¥0d ! :
HOLON NY4  |[&—— < ONIL13S :
| ONIAINO NV m W NV "
Ll i ¥0E i €0€ A m
+ INOTLNOd ONIAOW]| . *---|  NOIldod :
Hilvd A e <——JON1193130 J00n| < [ TouIND
" @_,__W_mﬁmmmm NOI1v43d0 m 310NN
0z~ 208+ L0E m m:\
oe™ Ll Old



U.S. Patent Oct. 11, 2016 Sheet 18 of 20 US 9,466,284 B2

FIG.18
START
S51 — DETECT OPERATION MODE
g50 —| GONTROL AIR FLOW GUIDE PANEL IN

ACCORDANCE WITH OPERATION MODE

553 —  DETECT SOUND WAVE GENERATED IN
INDOOR UNIT BY REFERENCE MI1CROPHONE

g54 —| INVERT PHASE OF SOUND WAVE DETECTED
BY REFERENCE MI1CROPHONE

-

S58
S55—  RADIATE CANCELING SOUND WAVE ~
FROM SPEAKER CALCULATE
CORRECTION
WAVE DETECTED BY.
so6 | DETECT SOUND WAVE AFTER CORRECTION
CANCELLATION o CROPHONE
BY CORRECTION MICROPHONE

S57

IS NOISE
LEVEL EQUAL TO OR LESS
THAN PRESET NOISE
LEVEL?




U.S. Patent Oct. 11, 2016

Sheet 19 of 20

US 9,466,284 B2

FIG.19
START
S61 — DETECT OPERATION MODE
CONTROL AIR FLOW GUIDE PANEL IN
S62— ACCORDANCE WITH OPERATION MODE
<
S63 — DETECT RPM OF FAN
COMPARE DETECTED FAN RPM WITH FAN
S64 | RPM WHICH IS SET IN ACCORDANGE
WITH OPERATION MODE
S65
IS DIFFERENCE NO
WITHIN PRESET
RANGE?
YES
DETECT SOUND WAVE OF OPERATION
S66 — NOISE BY REFERENGE MICROPHONE
INVERT PHASE OF SOUND WAVE
S67 — DETECTED BY REFERENCE MICROPHONE 571
le
IS
RADIATE CANCELING SOUND WAVE FROM -
S68 — SPEAKER CALCULATE CORRECTION
| SVJP?\}“EALDEFTREOCMTESDOUBI\IYD
DETECT SOUND WAVE AFTER
BY CORRECTION MICROPHONE

S70

IS NOISE
LEVEL EQUAL TO OR LESS
THAN PRESET NOISE
LEVEL?




U.S. Patent Oct. 11, 2016 Sheet 20 of 20 US 9,466,284 B2

FIG.20

f’\w. m




US 9,466,284 B2

1
OPERATIONAL NOISE CONTROL METHOD
FOR AIR CONDITIONER

TECHNICAL FIELD

The present invention relates to an operation noise control
method for a wall-mounted air conditioner, and more spe-
cifically, to a method for reducing noise during operation,
such as blower sound.

BACKGROUND ART

Conventionally, in order to reduce noise of an air condi-
tioner during operation, such as blower sound, it has been
proposed to include an active noise control mechanism (also
called active noise cancellation) for superimposing a can-
celing sound wave which is in antiphase to noise to cancel
the noise.

For example, in Patent Literature 1, a microphone and a
flat plate speaker are placed in a predetermined space within
an indoor unit of an air conditioner, and the flat plate speaker
radiates a sound wave having substantially the same fre-
quency and substantially the same sound pressure level as,
and being in substantially antiphase to, noise at a specific
frequency detected by the microphone, to thereby perform
noise cancellation effectively.

Further, Patent Literature 2 discloses a technology in
which operation sound detecting means, reference operation
sound setting means, and correction sound emitting means
are provided and, when a temporal fluctuation amount of
operation sound is larger than a predetermined level, the
correction sound emitting means compares the operation
sound to a reference operation sound set by the reference
operation sound setting means, and radiates a correction
sound so that a combined sound obtained when the correc-
tion sound is combined with the operation sound becomes
the reference operation sound.

Still further, Patent Literature 3 discloses a technology in
which a plurality of microphones, controllers, and speakers
are provided to constitute independent control systems,
respectively, and the microphones and the speakers are
disposed at predetermined intervals along an axial direction
of a transverse fan.

CITATION LIST
Patent Literatures

PTL 1: JP 63-140897 A
PTL 2: JP 6-43884 A
PTL 3: JP 2005-201565 A

SUMMARY OF INVENTION
Technical Problem

In active noise cancellation, a sound wave (noise) trav-
eling through a closed space, such as a duct, which is a
one-dimensional sound field (sound field in which the spread
of sound is restricted in one direction), is similar to a plane
wave, and hence the noise can be canceled well by an
antiphase sound wave radiated from a cancellation sound
source, and noise cancellation can be performed effectively.
However, in a three-dimensional sound field (sound field in
which sound spreads in random directions) such as free
space propagation, the sound wave is a spherical wave.
Thus, there occur a region in which the noise is overcome by
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2

an antiphase sound wave and a region in which the noise
level contrarily increases because of in-phase sound waves.
It is therefore impossible for the current technologies to
achieve noise cancellation on a practical level.

As for noise cancellation of blower noise, an air condi-
tioning duct apparatus has a duct as a blower passage, which
can be a one-dimensional sound field, and hence it is
possible to apply active noise cancellation relatively easily.
However, in an air conditioner to be used so that an indoor
unit is mounted on an indoor wall surface, there is no blower
passage regarded as a one-dimensional sound field, and
hence, even if a cancellation sound source is provided in a
blower passage, just as in the case where active noise
cancellation is performed in a three-dimensional sound field
as described above, it sounds rather noisy depending on the
place in the room. This is not practical at all. In fact, various
technologies of reducing operation noise have been studied
as exemplified by Patent Literatures 1 to 3, but there are no
cases where those technologies are put into practical use. In
other words, it is understood that effective noise cancellation
of blower noise needs a portion which can be a one-
dimensional sound field having a certain length in a blower
passage, especially on the downstream side of blower
means.

In view of the above-mentioned problem, it is therefore an
object of the present invention to obtain a sufficient noise
canceling effect in a wall-mounted air conditioner.

Solution to Problem

In order to achieve the above-mentioned object, according
to the present invention, there is provided an operation noise
control method for an air conditioner to be used by being
mounted on an indoor wall surface, the air conditioner
including: an inlet for introducing air of a room; an outlet for
delivering conditioned air, which is obtained by condition-
ing air introduced from the inlet, to the room; a blower
passage communicating between the inlet and the outlet;
blower means for moving air from the inlet to the outlet; and
air flow direction changing means and sound emitting
means, which are provided in a vicinity of the outlet, the
operation noise control method including the steps of:
detecting an operation mode of the air conditioner; operating
the air flow direction changing means in accordance with the
detected operation mode and controlling the air flow direc-
tion changing means so as to form a duct-like outlet passage
in the vicinity of the outlet; selecting a sound wave which is
preset in accordance with the operation mode; and radiating
the selected sound wave in the duct-like outlet passage from
the sound emitting means.

According to this method, in accordance with the opera-
tion mode of the air conditioner, the duct-like outlet passage,
which can be a one-dimensional sound field, is formed in the
vicinity of the outlet located on the downstream side of the
blower means in the blower passage. Then, in this duct-like
outlet passage, the sound wave which is preset in accordance
with the operation mode is radiated from the sound emitting
means. Therefore, the operation noise including blower
sound of the blower means is efficiently canceled out while
passing through the duct-like outlet passage. With this, the
noise to be radiated into the room can be reliably reduced,
and a sufficient noise canceling effect can be obtained.

Further, according to the present invention, there is pro-
vided an operation noise control method for an air condi-
tioner to be used by being mounted on an indoor wall
surface, the air conditioner including: an inlet for introduc-
ing air of a room; an outlet for delivering conditioned air,
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which is obtained by conditioning air introduced from the
inlet, to the room; a blower passage communicating between
the inlet and the outlet; blower means for moving air from
the inlet to the outlet; and air flow direction changing means,
sound emitting means, and reference sound detecting means,
which are provided in a vicinity of the outlet, the operation
noise control method including the steps of: detecting an
operation mode of the air conditioner; operating the air flow
direction changing means in accordance with the detected
operation mode and controlling the air flow direction chang-
ing means so as to form a duct-like outlet passage in the
vicinity of the outlet; detecting, by the reference sound
detecting means, a sound wave of operation noise including
blower sound of the blower means; inverting a phase of the
detected sound wave; and radiating an antiphase sound wave
obtained by inverting the phase in the duct-like outlet
passage from the sound emitting means, to thereby cancel
out the operation noise.

According to this method, in accordance with the opera-
tion mode of the air conditioner, the duct-like outlet passage,
which can be a one-dimensional sound field, is formed in the
vicinity of the outlet located on the downstream side of the
blower means in the blower passage. Then, in this duct-like
outlet passage, the sound wave in antiphase to the sound
wave of the operation noise including blower sound of the
blower means is radiated. Therefore, the operation noise is
efficiently canceled out while passing through the duct-like
outlet passage. With this, the noise to be radiated into the
room can be reliably reduced, and a sufficient noise cancel-
ing effect can be obtained.

Further, according to this method, it is possible to detect
sound which is actually generated when the blower means is
driven and to radiate a canceling sound wave against the
actually generated sound. Thus, the accuracy of the active
noise cancellation can be increased. In this case, it is desired
to dispose the reference sound detecting means on the
upstream side of the sound emitting means in the duct-like
outlet passage so as not to detect a sound wave radiated from
the sound emitting means, which is not a detection target of
the reference detecting means.

Further, according to the present invention, in the above-
mentioned method, the air conditioner may further include
correction sound detecting means, which is disposed in the
vicinity of the outlet, and the operation noise control method
may further include the steps of: detecting a sound wave
after the operation noise is canceled out; and correcting the
sound wave to be radiated from the sound emitting means so
that detected sound becomes equal to or lower than a
predetermined noise level.

According to this method, the accuracy of the active noise
cancellation can be increased more by feedback control of
the noise level. In this case, it is desired to dispose the
correction sound detecting means on the downstream side of
the sound emitting means in the duct-like outlet passage so
as not to detect operation noise, which is not a detection
target of the correction detecting means.

Further, according to the present invention, in the above-
mentioned method, the blower means may be a fan, the
operation noise control method may further include the steps
of: detecting an rpm of the fan; and comparing the detected
rpm of the fan with an rpm of the fan which is set in
accordance with the operation mode, and only when a
difference between the compared rpms of the fan is within
a preset range, the sound wave may be radiated from the
sound emitting means. This method is targeted at the noise
in a steady state, in which the fan as the blower means is
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4

driven in a relatively stable manner. Therefore, active noise
cancellation can be performed relatively easily.

Further, according to the present invention, in the above-
mentioned method, in a case where the detected operation
mode is other than a preset operation mode, in a case where
the blower means is a fan and the operation noise control
method further includes the step of detecting an rpm of the
fan and where the detected rpm of the fan is equal to or lower
than a preset rpm, or in a case where the operation noise
detected by the reference sound detecting means is equal to
or lower than a preset noise level, the sound wave may not
be radiated from the sound emitting means.

According to the method described above, active noise
cancellation can be prevented from being operated more
than necessary and can be limited only to the case where it
feels relatively uncomfortable with noise, thereby perform-
ing the active noise cancellation efficiently and effectively.

Further, according to the present invention, in the above-
mentioned method, the air flow direction changing means
may be an air flow guide panel, which is vertically pivotable
for opening and closing the outlet, and when the duct-like
outlet passage is to be formed, the air flow guide panel may
pivot so as to be open upward and may be disposed so as to
extend a lower surface of the blower passage while covering
over the outlet.

According to this method, the inner surface of the air flow
guide panel, the upper surface, the lower surface, and the left
and right side surfaces of the blower passage, and a part of
a front surface of a casing together form the duct-like outlet
passage for delivering air toward the ceiling of the room, and
further, the air flow guide panel covers the outlet. With this,
in addition to the noise canceling effect in the duct-like
outlet passage, the air flow guide panel itself has effects of
sound insulation, reflection and interference, and diffraction
for sound insulation against the noise radiated to the room,
which can contribute to the reduction of noise.

Further, according to the present invention, in the above-
mentioned method, the air flow direction changing means
may be an air flow guide panel, which is vertically pivotable
for opening and closing the outlet, and when the duct-like
outlet passage is to be formed, the air flow guide panel may
pivot so as to be open downward and may be disposed so as
to extend an upper surface of the blower passage while
covering over the outlet.

According to this method, the inner surface of the air flow
guide panel, the upper surface, the lower surface, and the left
and right side surfaces of the blower passage, and a part of
the lower surface of the casing together form the duct-like
outlet passage for delivering air toward the floor of the room,
and further, the air flow guide panel covers the outlet. With
this, there are obtained effects that the blower sound of the
blower means is less likely to diffuse and that the air flow
guide panel insulates the noise to be radiated from the outlet,
which can contribute to the reduction of noise. When the air
conditioner further includes an auxiliary panel, which is
disposed so as to extend the lower surface of the blower
passage when the duct-like outlet passage is to be formed,
the duct-like outlet passage having a sufficient length can be
reliably formed.

Note that, in order that a closed space through which
sound can travel as a plane wave be formed in the vicinity
of the outlet, the length of the air flow guide panel in the
blower direction needs to be at least more than the height of
the outlet at the position at which the sound emitting means
is installed.

Further, according to the present invention, in the above-
mentioned method, the air conditioner may further include
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reference sound detecting means for detecting a sound wave
of the operation noise, in which the sound emitting means
may radiate a sound wave in antiphase to the sound wave
detected by the reference sound detecting means.

According to this method, it is possible to detect sound
which is actually generated when the blower means is driven
and to generate a canceling sound wave against the actually
generated sound. Thus, the accuracy of the active noise
cancellation can be increased. In this case, it is desired to
dispose the reference sound detecting means on the
upstream side of the sound emitting means in the duct-like
outlet passage so as not to detect a sound wave radiated from
the sound emitting means, which is not a detection target of
the reference detecting means.

Further, according to the present invention, in the above-
mentioned method, the air conditioner may further include
a plurality of vertical louvers in the outlet, in which a
plurality of the sound emitting means may be disposed for
respective sections divided by the plurality of vertical lou-
vers.

According to this method, the blower passage can be
divided into small sections, and hence the blower sound of
the blower means is even less likely to diffuse, and the noise
canceling effect can be obtained satisfactorily. It is more
desired that the width of the section be 85 mm or less.
According to this configuration, the width of the section
becomes equal to or less than about %2 of the wavelength of
a sound wave of 2,000 Hz. Thus, a sound wave passing
through the section can be regarded as a substantially plane
wave, that is, the inside of the section can be regarded as a
one-dimensional sound field. In particular, a sufficient noise
canceling effect can be obtained in a low frequency range of
2,000 Hz or less, where the active noise cancellation is
targeted.

Further, according to the present invention, in the above-
mentioned method, the air conditioner may further include
a plurality of vertical louvers in the outlet, in which a
plurality of the sound emitting means and a plurality of the
reference sound detecting means may be disposed for
respective sections divided by the plurality of vertical lou-
vers, thereby performing canceling control of the operation
noise independently for each of the sections.

According to this method, canceling control against actu-
ally generated sound can be performed for each small
sectioned space. Thus, the accuracy of the noise canceling
effect can be increased. It is more desired that the width of
the section be set to 85 mm or less. According to this
configuration, the width of the section becomes equal to or
less than about Y2 of the wavelength of a sound wave of
2,000 Hz. Thus, a sound wave passing through the section
can be regarded as a substantially plane wave, that is, the
inside of the section can be regarded as a one-dimensional
sound field. In particular, a sufficient noise canceling effect
can be obtained in a low frequency range of 2,000 Hz or less,
where the active noise cancellation is targeted.

Further, according to the present invention, in the above-
mentioned method, in the air conditioner, a plurality of the
correction sound detecting means may each be disposed so
that the sound emitting means is sandwiched between the
reference sound detecting means and the correction sound
detecting means in a blower direction.

According to this method, for example, the air flow guide
panel pivots so as to be open upward in the case of cooling
and so as to be open downward in the case of heating and is
disposed so as to cover over the outlet. In either case of
upward opening or downward opening, detection target
sound can be detected satisfactorily by the sound detecting
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means which are disposed on both the upstream side and the
downstream side of the sound emitting means.

Further, according to the present invention, in the above-
mentioned method, the sound emitting means may be dis-
posed on the air flow direction changing means. According
to this method, the speaker faces the casing of the indoor
unit, and hence, owing to the diffraction effect, a sound wave
radiated from the speaker can be prevented from leaking into
the room. Thus, the noise canceling effect is increased more.

Further, according to the present invention, in the above-
mentioned method, the correction sound detecting means,
the correction sound detecting means, and the reference
sound detecting means may be disposed on the air flow
direction changing means so that the sound emitting means
is sandwiched between the correction sound detecting means
and the reference sound detecting means in a blower direc-
tion, and the correction sound detecting means and the
reference sound detecting means may be configured to be
switchable.

According to this method, for example, the air flow
direction changing means pivots so as to be open upward in
the case of cooling and so as to be open downward in the
case of heating and is disposed so as to cover over the outlet.
In either case of upward opening or downward opening, the
reference sound detecting means and the correction sound
detecting means can be disposed on the upstream side and
the downstream side of the sound emitting means, respec-
tively, by switching the sound detecting means which are
disposed on both the upstream side and the downstream side
of the sound emitting means.

Advantageous Effects of Invention

According to the operation noise control method for an air
conditioner of the present invention, the duct-like outlet
passage, which can be a one-dimensional sound field, is
formed in the vicinity of the outlet, and in this duct-like
outlet passage, the operation noise including the blower
sound of the blower means is subjected to active noise
cancellation. Thus, the operation noise to be radiated into the
room can be reliably reduced, and a sufficient noise cancel-
ing effect can be obtained.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic side cross-sectional view of an
indoor unit illustrating an operation stop state of an air
conditioner according to a first embodiment.

FIG. 2 is a schematic side cross-sectional view of the
indoor unit illustrating an example of an operating state of
the air conditioner according to the first embodiment.

FIG. 3 is a schematic side cross-sectional view of the
indoor unit illustrating another example of the operating
state of the indoor unit of the air conditioner according to the
first embodiment.

FIG. 4 is a schematic horizontal cross-sectional view
illustrating the vicinity of an outlet of the indoor unit of the
air conditioner according to the first embodiment.

FIG. 5(a) is a schematic side cross-sectional view of the
indoor unit illustrating the principle of operation noise
control of the air conditioner according to the present
invention, and FIG. 5(5) is a schematic side cross-sectional
view of the indoor unit illustrating the principle of operation
noise control of an air conditioner in the related art.

FIG. 6 are graphs showing a noise reduction effect
obtained by the operation noise control of the air conditioner
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according to the present invention (FIG. 6(a)) in comparison
with that of the air conditioner in the related art (FIG. 6(5)).

FIG. 7 is a block diagram illustrating an operation noise
control system for the air conditioner according to the first
embodiment.

FIG. 8 is a flowchart illustrating an example of an
operation noise control method for the air conditioner
according to the first embodiment.

FIG. 9 is a flowchart illustrating an example of the
operation noise control method for the air conditioner
according to the first embodiment.

FIG. 10 is a schematic side cross-sectional view of an
indoor unit illustrating an example of an operating state of
an air conditioner according to a second embodiment.

FIG. 11 is a schematic horizontal cross-sectional view
illustrating the vicinity of an outlet of the indoor unit of the
air conditioner according to the second embodiment.

FIG. 12 is a block diagram illustrating an operation noise
control system for the air conditioner according to the
second embodiment.

FIG. 13 is a flowchart illustrating an example of an
operation noise control method for the air conditioner
according to the second embodiment.

FIG. 14 is a flowchart illustrating another example of the
operation noise control method for the air conditioner
according to the second embodiment.

FIG. 15 is a schematic side cross-sectional view of an
indoor unit illustrating an example of an operating state of
an air conditioner according to a third embodiment.

FIG. 16 is a schematic horizontal cross-sectional view
illustrating the vicinity of an outlet of the indoor unit of the
air conditioner according to the third embodiment.

FIG. 17 is a block diagram illustrating an operation noise
control system for the air conditioner according to the third
embodiment.

FIG. 18 is a flowchart illustrating an example of an
operation noise control method for the air conditioner
according to the third embodiment.

FIG. 19 is a flowchart illustrating another example of the
operation noise control method for the air conditioner
according to the third embodiment.

FIG. 20 is a schematic side cross-sectional view of an
indoor unit illustrating an example of an operating state of
an air conditioner according to a modified example of the
second embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention are
described with reference to the drawings. In the embodi-
ments of the present invention, a description is given of an
example of a separate air conditioner including an indoor
unit to be mounted on an indoor wall surface and an outdoor
unit to be mounted outdoors for stationary use.

First Embodiment

FIG. 1 is a schematic side cross-sectional view of an
indoor unit illustrating an operation stop state of an air
conditioner according to a first embodiment. FIG. 2 is a
schematic side cross-sectional view of the indoor unit illus-
trating an example of an operating state of the air conditioner
according to the first embodiment. FIG. 3 is a schematic side
cross-sectional view of the indoor unit illustrating another
example of the operating state of the indoor unit of the air
conditioner according to the first embodiment.
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As illustrated in FIGS. 1 to 3, a main body portion of an
indoor unit 1 of the air conditioner is held by a cabinet 2, and
a front panel 3 which is provided with an inlet 4 on the upper
surface side thereof is removably attached to the cabinet 2.
The cabinet 2 and the front panel 3 together constitute a
casing of the indoor unit 1.

The cabinet 2 is provided with a claw portion (not shown)
on a rear side surface thereof. The cabinet 2 is supported by
a mounting plate (not shown) which is mounted on a side
wall W1 of the room at a height position closer to a ceiling
S in a manner that the claw portion is engaged with the
mounting plate. An outlet 5 is provided in a gap between a
lower end portion of the front panel 3 and a lower end
portion of the cabinet 2. The outlet 5 is formed into a
substantially rectangular shape extending in a width direc-
tion of the indoor unit 1, and is provided so as to face
downward in the front.

Inside the indoor unit 1, a blower passage 6 communi-
cating to the outlet 5 from the inlet 4 is formed. A fan 7 as
blower means for delivering air is disposed in the blower
passage 6. A fan to be suitably used as the fan 7 is a
crossflow fan (transverse fan), but other types of fans may
be used. In the blower passage 6, on the downstream side of
the fan 7, there are formed an upper wall 6a and a lower wall
65 which guide the air delivered by the fan 7 downward in
the front and whose cross-sectional area increases more on
the downstream side. Note that, although not illustrated, the
blower passage 6 also has left and right side walls which are
flush with left and right side walls to which the fan 7 is
pivotally supported.

On the upper wall 6a of the blower passage 6, a speaker
21 as sound emitting means is provided so as to face the
blower passage 6. As the speaker 21, a small-footprint flat
plate speaker is suitably used, but other types of speakers
including a cylindrical speaker may be used. Alternatively,
it is possible to use a speaker having the directivity in a
blower direction.

In the vicinity of the outlet 5, an air flow guide panel 20
(vertical air flow direction changing means) which is piv-
otally supported to open and close the outlet 5 is provided.

In the operation stop state of the air conditioner, the air
flow guide panel 20 is disposed at a position to close the
outlet 5 as illustrated in FIG. 1. At this time, the panel 20 is
disposed along a design shape of a front surface of the front
panel 3, and is disposed so as to connect a lower end of the
air flow guide panel 20 and a bottom surface of the cabinet
2 at the position of a lower end portion of the outlet 5.
Therefore, the appearance of the indoor unit 1 is not
impaired.

The air flow guide panel 20 is pivotally supported at two
vertical positions by two upper and lower different shafts
(not shown) so that a regulating portion (not shown) for
regulating one of the two shafts as a pivot shaft while
releasing the other shaft and a moving portion (not shown)
for pivoting the air flow guide panel 20 about the pivot shaft
may operate in a linked manner. For example, in cooling, the
air flow guide panel 20 is pivoted counterclockwise as
indicated by the arrow A of FIG. 1 so as to be open upward,
and is disposed so as to extend a lower surface of the blower
passage 6 while covering over the outlet 5 as illustrated in
FIG. 2.

In this case, the inner surface of the air flow guide panel
20, the upper surface, the lower surface, and the left and
right side surfaces of the blower passage 6, and a part of the
front surface of the front panel 3 together form a duct-like
outlet passage 10 for changing the direction of air flow
upward and delivering air toward the ceiling of the room,
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and further, the air flow guide panel 20 covers the outlet 5
when the front panel 3 is viewed from the front (from the left
of the sheet of FIG. 2). This prevents a person from being
directly exposed to cold air, thereby realizing comfortable
cooling with the air flow wrapping from the head of the
person.

On the other hand, for example, in heating, the air flow
guide panel 20 can also be pivoted so as to be open
downward as indicated by the arrow B of FIG. 1, and be
disposed so as to extend the upper surface of the blower
passage 6 while covering over the outlet 5. In this case, as
illustrated in FIG. 3, the inner surface of the air flow guide
panel 20, the upper surface, the lower surface, and the left
and right side surfaces of the blower passage 6, and a part
of the lower surface of the front panel 3 together form a
duct-like outlet passage 11 for changing the direction of air
flow downward and delivering air toward the floor of the
room, and further, the air flow guide panel 20 covers the
outlet 5 when the front panel 3 is viewed from the front
(from the left of the sheet of FIG. 3). This prevents a person
from being directly exposed to warm air, thereby realizing
comfortable heating with the air flow wrapping from the feet
of the person.

Note that, in FIG. 3, reference numeral 13 denotes an
auxiliary panel which is pivotally provided at a front end of
the lower wall 65 of the blower passage 6. The auxiliary
panel 13 is normally accommodated in, for example, a
recess portion 14 which is recessed in the lower surface of
the lower wall 65. When the duct-like outlet passage 11 is to
be formed, the auxiliary panel 13 is pivoted about a pivot
shaft at the front end as indicated by the arrow C and is
disposed so as to extend the lower surface of the blower
passage 6. With this, the duct-like outlet passage 11 having
a sufficient length can be reliably formed.

Note that, although not illustrated, the indoor unit 1 of the
air conditioner according to the present invention may be
configured so as to change the direction of air flow to the
horizontal direction or the front downward direction through
a combination of appropriate selection of the pivot shaft of
the air flow guide panel 20 made by the regulating portion
and appropriate setting of a pivot angle of the air flow guide
panel 20 made by the moving portion.

Further, in the outlet 5, as illustrated in FIG. 4 of a
schematic horizontal cross-sectional view of the vicinity of
the outlet, a plurality of vertical louvers (horizontal air flow
direction changing means) 12 are pivotally provided side by
side in the horizontal direction. With the plurality of vertical
louvers 12, the above-mentioned duct-like outlet passages
10 and 11 are divided into a plurality of sections 15. Then,
a plurality of the above-mentioned speakers 21 are disposed
for the respective sections 15 divided by the vertical louvers
12. (FIG. 4 illustrates the speakers 21 as if those are disposed
on the air flow guide panel 20, but, in this embodiment, the
speakers 21 are disposed on the upper wall 6a of the blower
passage 6 as illustrated in FIG. 3. FIG. 4 is a schematic
horizontal cross-sectional view illustrating that the plurality
of speakers 21 are disposed for the respective sections 15.
Alternatively, however, as another embodiment, the speak-
ers 21 may be disposed on the air flow guide panel 20 as
illustrated in FIG. 20.)

A width W of the section 15 is set equal to or less than
about V2 of the wavelength of a sound wave of 2,000 Hz, and
is desirably set to 85 mm or less. With this setting, a sound
wave passing through the section 15 can be regarded as a
substantially plane wave, that is, the inside of the section can
be regarded as a one-dimensional sound field. In particular,
a sufficient noise canceling effect can be obtained in a low
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frequency range of 2,000 Hz or less, where active noise
cancellation is targeted. FIG. 4 also shows a lateral width
feature of the duct-like outlet passage 10. Air is driven via
a fan from a bottom side of FIG. 4 thus establishing an
upstream and downstream frame of reference. The down-
stream side is the topside shown in FIG. 4. As such, the
duct-like outlet passage 10 has a lateral width on a down-
stream side that is larger than a lateral width of the duct-like
outlet passage on an upstream side. The dotted line illus-
trating the lateral extent of the duct-like outlet passage 10
further illustrates this differing lateral width feature.

At a position opposing the front panel 3, an air filter 8 for
collecting and removing dust contained in the air sucked
from the inlet 5 is provided. In a space formed between the
front panel 3 and the air filter 8, an air filter cleaning device
(not shown) for removing the dust accumulated on the air
filter 8 is provided. Between the fan 7 and the air filter 8 in
the blower passage 6, an indoor heat exchanger 9 having a
bent structure provided with pipes (not shown) at a plurality
of stages in a plurality of rows is disposed so as to oppose
the inlet 4. The indoor heat exchanger 9 is connected to a
compressor (not shown) of the outdoor unit placed outdoors,
and a refrigeration cycle is operated by the driving of the
compressor. Further, an electric dust collector (not shown) is
provided between the air filter 8 and the indoor heat
exchanger 9.

Next, the principle of operation noise control, which is the
feature of the air conditioner according to the present
invention, is described while comparing with conventional
one. First, the principle of the operation noise control of the
air conditioner according to the present invention is
described in comparison with the conventional one. FIG.
5(a) is a principle explanatory view of the operation noise
control of the air conditioner according to the present
invention. FIG. 5(b) is a principle explanatory view of
operation noise control of an air conditioner in the related
art. In FIG. 5(b) of the related art, the same portions as those
in the above-mentioned air conditioner according to the
present invention are denoted by the same reference sym-
bols. Further, for simple description, FIG. 5(a) of the present
invention and FIG. 5(4) of the related art both omit the
vertical louvers disposed in the outlet 5, and FIG. 5(b) of the
related art further omits horizontal louvers disposed in the
outlet 5.

As illustrated in FIGS. 5(a) and 5(b), in both the indoor
units 1 of the air conditioners of the present invention and
the related art, when the height of the outlet 5 at a position
at which the speaker 21 is installed is represented by L1, a
space C1 having the radius [.1 with the speaker 21 being the
center is a space through which sound propagates as a
spherical wave.

In the conventional air conditioner not provided with the
air flow guide panel 20, as illustrated in FIG. 5(b), a closed
space in the vicinity of the outlet 5 (in a space C2 having a
radius [.2 with the speaker 21 being the center, a region
surrounded by the upper surface, the lower surface, and the
left and right side surfaces of the blower passage 6) is equal
to or smaller than the space C1 (in the example of FIG. 5(5),
C1~C2). Accordingly, a sound wave radiated from the
speaker 21 is less likely to be a plane wave, and the closed
space becomes a three-dimensional sound field in which the
sound propagates as a spherical wave in a free space. Thus,
the conventional air conditioner has a problem that a suffi-
cient noise canceling effect cannot be obtained.

In contrast, the air conditioner according to the present
invention includes, as illustrated in FIG. 5(a), the air flow
guide panel 20 which is capable of pivoting vertically in the
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vicinity of the outlet 5 so as to extend the upper surface or
the lower surface of the blower passage 6. Accordingly, a
closed space C2 in the vicinity of the outlet 5 (in a space C2
having a radius 1.2 with the speaker 21 being the center, a
region surrounded by the inner surface of the air flow guide
panel 20 and the upper surface, the lower surface, and the
left and right side surfaces of the blower passage 6) can be
enlarged to be larger than the space C1. The enlarged closed
space C2 corresponds to the duct-like outlet passage, and in
this duct-like outlet passage, a sound wave radiated from the
speaker 21 can be allowed to propagate as a plane wave.
Thus, a sufficient noise canceling effect can be obtained.

FIG. 6 are graphs showing the noise reduction effect
obtained by the operation noise control of the air conditioner
according to the present invention in comparison with that of
the air conditioner in the related art. In the air conditioner
according to the present invention, as illustrated in FIG.
6(a), the sound pressure level is significantly reduced in the
measurement frequency range (0 to 5,000 Hz). However, in
the air conditioner in the related art, the sound pressure level
shows little change in the measurement frequency range (0
to 5,000 Hz). Thus, the superiority of the noise canceling
effect of the present invention has been confirmed even by
experiment.

It can be understood from the findings above that the
reason why the air conditioner of the present invention
exhibits the noise canceling effect is because the duct-like
outlet passage through which a sound wave can propagate as
a plane wave is formed in the vicinity of the outlet 5. In this
sense, the air flow guide panel 20 needs to have a length at
least equal to or more than the height .1 of the outlet 5 at
the position at which the speaker 21 is installed (the distance
from the center of the speaker 21 to the lower surface of the
blower passage 6 in the direction perpendicular to the
surface on which the speaker 21 is installed).

By the way, the noise canceling effect realized by the air
conditioner according to the present invention is a composite
effect including not only the noise canceling effect by the
duct-like outlet passage but also the actions of (a) sound
insulation, (b) reflection and interference, and (c) diffraction
by the air flow guide panel 20 itself. That is, owing to (a) the
sound insulation effect by the air flow guide panel 20 which
is disposed so as to cover over the outlet 5, (b) the reflection
and interference effect by the closed space surrounded by the
inner surface of the air flow guide panel 20 and the upper
surface, the lower surface, and the left and right side surfaces
of the blower passage 6, and (c) the diffraction effect
obtained because the air flow direction (blowing direction)
is front upward or downward, noise is less likely to diffuse
in the room, which can contribute to the reduction of noise.

Next, an operation noise control system according to the
air conditioner of this embodiment is described with refer-
ence to a block diagram of FIG. 7. FIG. 7 illustrates only a
control system related to the operation noise control, which
is the most characteristic part of the present invention, and
omits other control systems necessary for the air conditioner,
such as a control system for a refrigeration cycle apparatus
and a pivot control system for the vertical louvers 12.

A control portion 30 is constituted by a microcomputer or
the like, and includes, as illustrated in FIG. 7, an operation
mode detecting portion 301 for detecting an operation mode
of the air conditioner (such as modes of High, Medium, and
Low of air volume for cooling operation and heating opera-
tion each) in response to an input of a signal from a remote
control 16, an air flow guide panel driving portion 302
including the above-mentioned regulating portion and the
above-mentioned moving portion, for controlling the air
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flow guide panel 20 in accordance with the detected opera-
tion mode, a fan rpm setting portion 303 for setting the rpm
of'the fan 7 in accordance with the detected operation mode,
a fan driving portion 304 for driving a fan motor 17 at the
set rpm, a fan rpm detecting portion 305 for detecting the
rpm of the fan 7 based on an output of the fan motor 17, a
fan rpm comparing portion 306 for comparing the detected
rpm of the fan 7 with the rpm of the fan 7 which is set in
accordance with the operation mode, a canceling sound
storing portion 307 for storing a plurality of kinds of sound
wave signals which are preset for respective operation
modes, a canceling sound selecting portion 308 for selecting
a sound wave signal corresponding to the operation mode
from among the stored sound wave signals, and a speaker
driving portion 309 for inputting the selected sound wave
signal to the speaker 21.

The speaker driving portion 309 directly receives a signal
from the operation mode detecting portion 301 or the fan
rpm detecting portion 305 as indicated by dotted lines of
FIG. 7. When the operation mode is other than a preset
operation mode or when the detected rpm of the fan 7 is
equal to or lower than a preset rpm, the speaker driving
portion 309 is controlled so that a sound wave is not radiated
from the speaker 21. With this, active noise cancellation can
be prevented from being operated more than necessary and
can be limited to the case where it feels relatively uncom-
fortable with noise, thereby performing the active noise
cancellation efficiently and effectively.

Next, an example of an operation noise control method for
the air conditioner of this embodiment having the above-
mentioned configuration is described with reference to a
flowchart of FIG. 8. First, in Step S1, an operation mode is
detected. In Step S2, the air flow guide panel 20 is operated
in accordance with the operation mode and is controlled so
as to form the duct-like outlet passage 10 or 11 illustrated in
FIG. 2 or 3 in the vicinity of the outlet 5. In Step S3, a preset
sound wave is selected in accordance with the operation
mode. In Step S4, the selected sound wave is radiated from
the speaker 21.

For example, when cooling operation is started, first, the
indoor unit 1 of the air conditioner receives the signal of the
remote control 16 and then the operation detection mode
detecting portion 301 detects the operation mode (Step S1).
Next, the air flow guide panel 20 operates in accordance
with the operation mode and is disposed so as to be open
upward while covering over the outlet 5 as illustrated in FI1G.
2 (Step S2). In this way, the duct-like outlet passage 10 is
formed.

Then, the fan 7 is rotationally-driven so that air is sucked
into the indoor unit 1 from the inlet 4. The air passes through
the blower passage 6 and is delivered into the room from the
outlet 5. Noise generated by the indoor unit 1, mainly blower
noise generated when the fan 7 is rotationally-driven, is also
radiated into the room. As a countermeasure, a preset sound
wave is selected in accordance with the operation mode
(Step S3), and the selected sound wave is radiated from the
speaker 21 (Step S4). In this way, in the duct-like outlet
passage 10, the noise, mainly the blower noise generated
when the fan 7 is rotationally-driven, can be canceled out,
thereby performing active noise cancellation.

According to the operation noise control method in this
example, in accordance with the operation mode of the air
conditioner, the duct-like outlet passage 10, which can be a
one-dimensional sound field, is formed in the vicinity of the
outlet 5 located on the downstream side of the fan 7 in the
blower passage 6. Then, in this duct-like outlet passage, the
sound wave which is preset in accordance with the operation
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mode is radiated from the speaker 21. Therefore, the opera-
tion noise is efficiently canceled out while passing through
the duct-like outlet passage 10. With this, the noise to be
radiated into the room can be reliably reduced, and a
sufficient noise canceling effect can be obtained.

Next, another example of the operation noise control
method according to the air conditioner of this embodiment
is described with reference to a flowchart of FIG. 9. Steps
S11 and S12, in which the operation mode is detected and
the air flow guide panel 20 is controlled so as to form the
duct-like outlet passage, are the same as described above for
Steps S1 and S2 of FIG. 8.

In the operation noise control method in this example,
after that, in Step S13, the rpm of the fan 7 is detected, and
in Step S14, the detected rpm of the fan 7 is compared with
the rpm of the fan 7 which is set in accordance with the
operation mode. When a difference between the detected
rpm of the fan 7 and the rpm of the fan 7 which is set in
accordance with the operation mode is within a preset range
(YES in Step S15), selected sound is radiated from the
speaker 21 in Step S16. In other words, when the difference
between the detected rpm of the fan 7 and the rpm of the fan
7 which is set in accordance with the operation mode is not
within a preset range (NO in Step S15), the processing
returns to Step S13, and Steps S13 to S15 are repeated until
the difference falls within the range.

The operation noise control method in this example is
targeted at steady-state noise, which is relatively stable.
Therefore, active noise cancellation can be performed rela-
tively easily.

Second Embodiment

FIG. 10 is a schematic side cross-sectional view illustrat-
ing an example of an operating state of an indoor unit 1 of
an air conditioner according to a second embodiment. In
FIG. 10, the same portions as those in the above-mentioned
indoor unit of the air conditioner according to the first
embodiment illustrated in FIGS. 1 to 3 are denoted by the
same reference symbols, and descriptions thereof are omit-
ted.

As illustrated in FIG. 10, the indoor unit 1 of the air
conditioner according to this embodiment includes a refer-
ence microphone (reference sound detecting means) 22 for
detecting a sound wave of operation noise including a
blower sound of the fan 7, the reference microphone 22
being disposed on the upper wall 6a of the blower passage
6 so as to face the blower passage 6. Then, a sound wave in
antiphase to the sound wave detected by the reference
microphone 22 is radiated from the speaker 21. It is desired
to dispose the reference microphone 22 on the upstream side
of the speaker 21 in the duct-like outlet passage 10 as
illustrated in FIG. 10 so as not to detect a sound wave
radiated from the speaker 21, which is not a detection target
of the reference microphone.

As illustrated in FIG. 11 corresponding to a schematic
horizontal cross-sectional view of the vicinity of the outlet,
a plurality of the speakers 21 and a plurality of the reference
microphones 22 are disposed for the respective sections 15
divided by the vertical louvers 12, thereby performing
canceling control of the operation noise independently for
each section 15. With this, active noise cancellation can be
performed satisfactorily for each small sectioned space.
(FIG. 11 illustrates the speakers 21 as if those are disposed
on the air flow guide panel 20 and illustrates the reference
microphones 22 as if those are disposed on the lower wall 65
of the blower passage 6, but, in this embodiment, the
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speakers 21 and the reference microphones 22 are disposed
on the upper wall 6a of the blower passage 6 as illustrated
in FIG. 10. FIG. 11 is a schematic horizontal cross-sectional
view illustrating that the plurality of speakers 21 and the
plurality of reference microphones 22 are disposed for the
respective sections 15. Alternatively, however, as another
embodiment, the speakers 21 and the reference microphones
22 may be disposed on the air flow guide panel 20 as
illustrated in FIG. 20.)

A width W of the section 15 is set equal to or less than
about V2 of the wavelength of a sound wave 0f 2,000 Hz, and
is desirably set to 85 mm or less. With this setting, a sound
wave passing through the section 15 can be regarded as a
substantially plane wave, that is, the inside of the section 15
can be regarded as a one-dimensional sound field. In par-
ticular, a sufficient noise canceling effect can be obtained in
a low frequency range of 2,000 Hz or less, where active
noise cancellation is targeted.

Next, an operation noise control system according to the
air conditioner of this embodiment is described with refer-
ence to a block diagram of FIG. 12. FIG. 12 illustrates only
a control system related to the operation noise control, which
is the most characteristic part of the present invention, and
omits other control systems necessary for the air conditioner,
such as a control system for a refrigeration cycle and a pivot
control system for the vertical louvers 12. Further, in FIG.
12, the same portions as those in the above-mentioned
operation noise control system of the air conditioner accord-
ing to the first embodiment illustrated in FIG. 7 are denoted
by the same reference symbols, and descriptions thereof are
omitted.

As illustrated in FIG. 12, a control portion 30 includes,
instead of the canceling sound selecting portion 308 and the
canceling sound storing portion 307 illustrated in the control
system of the air conditioner according to the first embodi-
ment of FIG. 7, a phase inverting portion 310 for inverting
the phase of a sound wave of operation noise detected by the
reference microphone 22. The speaker driving portion 309
inputs an antiphase sound wave signal obtained through
inversion by the phase inverting portion 310 to the speaker
21.

In this embodiment, the control portion 30 further
includes a reference noise level determining portion 311 for
comparing a sound pressure (noise level) of the operation
noise detected by the reference microphone 22 with a
predetermined reference value and outputting a result of the
comparison.

The speaker driving portion 309 directly receives a signal
from the operation mode detecting portion 301, the fan rpm
detecting portion 305, or the reference noise level determin-
ing portion 311 as indicated by dotted lines of FIG. 12.
When the operation mode is other than a preset operation
mode, when the detected rpm of the fan 7 is equal to or lower
than a preset rpm, or when the operation noise detected by
the reference microphone 22 is equal to or lower than a
preset noise level, the speaker driving portion 309 is con-
trolled so that a sound wave is not radiated from the speaker
21. With this, active noise cancellation can be prevented
from being operated more than necessary and can be limited
to the case where it feels relatively uncomfortable with
noise, thereby performing the active noise cancellation effi-
ciently and effectively.

Next, an example of an operation noise control method for
the air conditioner of this embodiment having the above-
mentioned configuration is described with reference to a
flowchart of FIG. 13. First, in Step S31, an operation mode
is detected. In Step S32, the air flow guide panel 20 is
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operated in accordance with the operation mode and is
controlled so as to form the duct-like outlet passage in the
vicinity of the outlet 5. In Step S33, a sound wave of
operation noise generated when the fan 7 is driven is
detected by the reference microphone 22. In Step S34, the
phase of the detected sound wave is inverted. In Step S35,
the obtained antiphase sound wave is radiated from the
speaker 21.

According to the operation noise control method in this
example, in accordance with the operation mode of the air
conditioner, the duct-like outlet passage 10, which can be a
one-dimensional sound field, is formed in the vicinity of the
outlet 5 located on the downstream side of the fan 7 in the
blower passage 6. Then, in this duct-like outlet passage 10,
the sound wave in antiphase to the sound wave of the
operation noise including a blower sound of the fan 7 is
radiated. Therefore, the operation noise is efficiently can-
celed out while passing through the duct-like outlet passage
10. With this, the noise to be radiated into the room can be
reliably reduced, and a sufficient noise canceling effect can
be obtained.

Further, according to the operation noise control method
in this example, it is possible to detect sound which is
actually generated when the fan 7 is driven and to radiate
sound having such a waveform as to cancel against the
actually generated sound. Thus, the accuracy of the noise
canceling effect can be increased.

Next, another example of the operation noise control
method according to the air conditioner of this embodiment
is described with reference to a flowchart of FIG. 14. Steps
S41 and S42, in which the operation mode is detected and
the air flow guide panel 20 is controlled so as to form the
duct-like outlet passage, are the same as described above for
Steps S31 and S32 of FIG. 13.

In the operation noise control method in this example,
after that, in Step S43, the rpm of the fan 7 is detected, and
in Step S44, the detected rpm of the fan 7 is compared with
the rpm of the fan 7 which is set in accordance with the
operation mode. When a difference between the detected
rpm of the fan 7 and the rpm, of the fan 7 which is set in
accordance with the operation mode is within a preset range
(YES in Step S45), in Step S46, a sound wave of operation
noise generated when the fan 7 is driven is detected by the
reference microphone 22. In Step S47, the phase of the
detected sound wave is inverted. In Step S48, the obtained
antiphase sound wave is radiated from the speaker 21. In
other words, when the difference between the detected rpm
of the fan 7 and the rpm of the fan 7 which is set in
accordance with the operation mode is not within a preset
range (NO in Step S45), the processing returns to Step S43,
and Steps S43 to S45 are repeated until the difference falls
within the range.

The operation noise control method in this example is
targeted at steady-state noise, which is relatively stable.
Therefore, active noise cancellation can be performed rela-
tively easily.

Third Embodiment

FIG. 15 is a schematic side cross-sectional view illustrat-
ing an example of an operating state of an indoor unit 1 of
an air conditioner according to a third embodiment. In FIG.
15, the same portions as those in the above-mentioned
indoor unit of the air conditioner according to the second
embodiment are denoted by the same reference symbols,
and descriptions thereof are omitted.
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As illustrated in FIG. 15, the indoor unit 1 of the air
conditioner according to this embodiment includes, in addi-
tion to the reference microphone 22, a correction micro-
phone (correction sound detecting means) 23 for detecting a
sound wave after operation noise is canceled out, the cor-
rection microphone 23 being disposed on the air flow guide
panel 20. With this, a sound wave to be radiated from the
speaker 21 is corrected so that a noise level detected by the
correction microphone 23 falls within a predetermined
range. In this case, it is desired to dispose the correction
microphone 23 on the downstream side of the speaker 21 in
the duct-like outlet passage 10 so as not to detect operation
noise, which is not a detection target of the correction
microphone.

As illustrated in FIG. 16 corresponding to a schematic
horizontal cross-sectional view of the vicinity of the outlet,
a plurality of the speakers 21 and a plurality of the reference
microphones 22 are disposed for the respective sections 15
(see FIG. 11) divided by the vertical louvers 12, thereby
performing canceling control of the operation noise inde-
pendently for each section 15. With this, active noise can-
cellation can be performed satisfactorily for each small
sectioned space. (FIG. 16 illustrates the speakers 21 and the
correction microphones 23 as if those are disposed on the air
flow guide panel 20 and illustrates the reference micro-
phones 22 as if those are disposed on the lower wall 65 of
the blower passage 6, but, in this embodiment, the speakers
21 and the reference microphones 22 are disposed on the
upper wall 6a of the blower passage 6 and the correction
microphones 23 are disposed on the air flow guide panel 20
as illustrated in FIG. 15. FIG. 16 is a schematic horizontal
cross-sectional view illustrating that the plurality of speakers
21, the plurality of reference microphones 22, and the
plurality of correction microphones 23 are disposed for the
respective sections 15. Alternatively, however, as another
embodiment, the speakers 21, the reference microphones 22,
and the correction microphones 23 may be disposed on the
air flow guide panel 20 as illustrated in FIG. 20.)

A width W of the section 15 is set equal to or less than
about V2 of the wavelength of a sound wave 0f 2,000 Hz, and
is desirably set to 85 mm or less. With this setting, a sound
wave passing through the section 15 can be regarded as a
substantially plane wave, that is, the inside of the section can
be regarded as a one-dimensional sound field. In particular,
a sufficient noise canceling effect can be obtained in a low
frequency range of 2,000 Hz or less, where active noise
cancellation is targeted.

Further, as illustrated in FIG. 16, the plurality of correc-
tion microphones 23 are each disposed outside the section
15 so that the speaker 21 is sandwiched between the refer-
ence microphone 22 and the correction microphone 23 in the
blower direction. In this configuration, for example, the air
flow guide panel 20 pivots so as to be open upward in the
case of cooling (see FIG. 15) and so as to be open downward
in the case of heating (see FIG. 3) and is disposed so as to
cover over the outlet 5. In either case of upward opening or
downward opening, a detection target sound wave can be
detected satisfactorily by the reference microphone 22 dis-
posed on the upstream side of the speaker 21 or the correc-
tion microphone 23 disposed on the downstream side of the
speaker 21.

Next, an operation noise control system according to the
air conditioner of this embodiment is described with refer-
ence to a block diagram of FIG. 17. FIG. 17 illustrates only
a control system related to the operation noise control, which
is the most characteristic part of the present invention, and
omits other control systems necessary for the air conditioner,



US 9,466,284 B2

17

such as a control system for a refrigeration cycle and a pivot
control system for the vertical louvers 12. Further, in FIG.
17, the same portions as those in the above-mentioned
operation noise control system of the air conditioner accord-
ing to the second embodiment illustrated in FIG. 12 are
denoted by the same reference symbols, and descriptions
thereof are omitted.

As illustrated in FIG. 17, a control portion 30 includes, in
addition to the phase inverting portion 310 and the reference
noise level determining portion 311 illustrated in the control
system of the air conditioner according to the second
embodiment of FIG. 12, a correction noise level determining
portion 312 for comparing a sound pressure (noise level) of
sound detected by the correction microphone 23 with a
predetermined reference value and outputting a result of the
comparison, and a sound wave correcting portion 313 for
correcting an antiphase sound wave signal obtained through
inversion by the phase inverting portion 310.

In this embodiment, the antiphase sound wave signal
obtained through inversion by the phase inverting portion
310 is subjected to necessary correction processing by the
sound wave correcting portion 313 and is then input to the
speaker driving portion 309 as a canceling sound wave
signal. When the correction noise level determining portion
312 determines that the noise level after cancellation is
larger than a predetermined reference value, the sound wave
correcting portion 313 calculates a correction signal from
the sound wave detected by the correction microphone 23,
and corrects the antiphase sound wave signal obtained
through inversion by the phase inverting portion 310.

The speaker driving portion 309 directly receives a signal
from the operation mode detecting portion 301, the fan rpm
detecting portion 305, or the reference noise level determin-
ing portion 311 as indicated by dotted lines of FIG. 17.
When the operation mode is other than a preset operation
mode, when the detected rpm of the fan 7 is equal to or lower
than a preset rpm, or when the operation noise detected by
the reference microphone 22 is equal to or lower than a
preset noise level, the speaker driving portion 309 is con-
trolled so that a sound wave is not radiated from the speaker
21. With this, active noise cancellation can be prevented
from being operated more than necessary and can be limited
to the case where it feels relatively uncomfortable with
noise, thereby performing the active noise cancellation effi-
ciently and effectively.

Next, an example of an operation noise control method for
the air conditioner of this embodiment having the above-
mentioned configuration is described with reference to a
flowchart of FIG. 18. First, in Step S51, an operation mode
is detected. In Step S52, the air flow guide panel 20 is
operated in accordance with the operation mode and is
controlled so as to form the duct-like outlet passage in the
vicinity of the outlet 5. In Step S53, a sound wave of
operation noise generated when the fan 7 is driven is
detected by the reference microphone 22. In Step S54, the
phase of the detected sound wave is inverted. In Step S55,
the obtained antiphase sound wave (canceling sound wave)
is radiated from the speaker 21.

In addition, in Step S56, a sound wave after cancellation
is detected by the correction microphone 23, and in Step
S57, the noise level detected by the correction microphone
23 is compared with a predetermined reference value. When
it is determined that the noise level after cancellation is
larger than the predetermined reference value (NO in Step
S57), the correction signal is calculated from the sound wave
detected by the correction microphone 23, and the antiphase
sound wave signal obtained through inversion by the phase
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inverting portion 310 is corrected. Then, the processing
returns to Step S55, and the corrected sound wave (canceling
sound wave) is radiated from the speaker 21.

According to the operation noise control method in this
example, in accordance with the operation mode of the air
conditioner, the duct-like outlet passage 10, which can be a
one-dimensional sound field, is formed in the vicinity of the
outlet 5 located on the downstream side of the fan 7 in the
blower passage 6. Then, in this duct-like outlet passage 10,
the sound wave in antiphase to the sound wave of the
operation noise including a blower sound of the fan 7 is
radiated. Therefore, the operation noise is efficiently can-
celed out while passing through the duct-like outlet passage
10. With this, the noise to be radiated into the room can be
reliably reduced, and a sufficient noise canceling effect can
be obtained.

Further, according to the operation noise control method
in this example, it is possible to detect sound which is
actually generated when the fan 7 is driven and to radiate
sound having such a waveform as to cancel against the
actually generated sound. Thus, the accuracy of the noise
canceling effect can be increased.

In addition, according to the operation noise control
method in this example, the accuracy of the active noise
cancellation can be increased more by feedback control of
the noise level after cancellation.

Next, another example of the operation noise control
method according to the air conditioner of this embodiment
is described with reference to a flowchart of FIG. 19. Steps
S61 and S62, in which the operation mode is detected and
the air flow guide panel 20 is controlled so as to form the
duct-like outlet passage, are the same as described above for
Steps S51 and S52 of the example in FIG. 17.

In the operation noise control method in this example,
after that, in Step S63, the rpm of the fan 7 is detected, and
in Step S64, the detected rpm of the fan 7 is compared with
the rpm of the fan 7 which is set in accordance with the
operation mode. When a difference between the detected
rpm of the fan 7 and the rpm of the fan 7 which is set in
accordance with the operation mode is within a preset range
(YES in Step S65), in Step S66, a sound wave of operation
noise generated when the fan 7 is driven is detected by the
reference microphone 22. In Step S67, the phase of the
detected sound wave is inverted. In Step S68, the obtained
antiphase sound wave (canceling sound wave) is radiated
from the speaker 21. In other words, when the difference
between the detected rpm of the fan 7 and the rpm of the fan
7 which is set in accordance with the operation mode is not
within a preset range (NO in Step S65), the processing
returns to Step S63, and Steps S63 to S65 are repeated until
the difference falls within the range. Steps S66 to S71
thereafter are the same as described above for Steps S55 to
S58 of the example in FIG. 17.

The operation noise control method in this example is
targeted at steady-state noise, which is relatively stable.
Therefore, active noise cancellation can be performed rela-
tively easily.

As described above for the air conditioner and the opera-
tion noise control method therefor according to the present
invention by way of the first to third embodiments, accord-
ing to the air conditioner or the operation noise control
method therefor of the present invention, harsh operation
noise of the air conditioner can be significantly reduced
without exposing a user directly to cold air or warm air.
Therefore, delivery of an imperceptible air flow can be
realized, which enables the user to sense substantially no air
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flow and no sound, thereby preventing a feeling of discom-
fort to a user and greatly increasing comfort.

Further, the operation sound of the air conditioner can be
significantly reduced, and hence the air volume of the indoor
unit can also be increased without giving a user an uncom-
fortable feeling. In other words, the refrigeration cycle
efficiency can be increased consequently, which can greatly
contribute to energy saving.

Note that, the present invention is not limited to the
above-mentioned embodiments, and appropriate modifica-
tions may be made thereto without departing from the spirit
of the present invention.

For example, in the above-mentioned embodiment, the
speaker 21 and the reference microphone 22 are provided on
the upper wall 6a of the blower passage 6 constituting the
casing of the indoor unit 1, and the correction microphone
23 is provided on the air flow guide panel 20. Alternatively,
however, as illustrated in FIG. 20, the speaker 21, the
reference microphone 22, and the correction microphone 23
may be disposed on the air flow guide panel 20. In this case,
the speaker 21 faces the casing of the indoor unit 1, and
hence, owing to the diffraction effect, a sound wave radiated
from the speaker 21 can be prevented from leaking into the
room. Thus, the noise canceling effect is increased more.
Further, when the reference microphone 22 and the correc-
tion microphone 23 are configured to be switchable, in both
cases of the upward opening and the downward opening of
the air flow guide panel 20, the active noise cancellation can
be performed satisfactorily.

INDUSTRIAL APPLICABILITY

The present invention is applicable to an air conditioner to
be used by being mounted on an indoor wall surface.

REFERENCE SIGNS LIST

1 indoor unit

2 cabinet

3 front panel

4 inlet

5 outlet

6 blower passage

7 fan (blower means)

10, 11 duct-like outlet passage

12 vertical louver

13 auxiliary panel

15 section

20 air flow guide panel (air flow direction changing
means)

21 speaker (sound emitting means)

22 reference microphone

23 correction microphone

30 control portion

The invention claimed is:

1. An operation noise control method for an air condi-
tioner to be used by being mounted on an indoor wall
surface,

the air conditioner comprising:

an inlet for introducing air of a room;

an outlet for delivering conditioned air, which is
obtained by conditioning air introduced from the
inlet, to the room:;

a blower passage communicating between the inlet and
the outlet;

blower means for moving air from the inlet to the
outlet; and
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air flow guide panel and sound emitting means, which
are provided in a vicinity of the outlet,

the operation noise control method comprising the steps
of:

detecting an operation mode of the air conditioner, the
operation mode including a heating mode and a cooling
mode;

operating the air flow guide panel in accordance with the
detected operation mode including controlling the air
flow guide panel in the cooling mode so as to extend a
lower surface of the blower passage to form a duct-like
outlet passage on a downstream side of the sound
emitting means and controlling the air flow guide panel
in the heating mode so as to extend an upper surface of
the blower passage to form the duct-like outlet passage
on a downstream side of the sound emitting means;

selecting a sound wave which is preset in accordance with
the operation mode; and

radiating the selected sound wave in the duct-like outlet
passage from the sound emitting means,

wherein

the duct-like outlet passage is an enlargement of a part
enclosed by an inner surface of the air flow guide panel
and the upper, lower, left side, and right side surfaces
of the blower passage,

a lateral width of the duct-like outlet passage on a
downstream side thereof is larger than a lateral width of
the duct-like outlet passage on an upstream side
thereof, and

the duct-like outlet passage is formed such that a distance
from the sound emitting means to an edge of an upper
wall of the duct-like outlet passage and a distance from
the sound emitting means to an edge of a lower wall of
the duct-like outlet passage are each larger than a
distance from the sound emitting means to a wall
opposite the sound emitting means.

2. An operation noise control method for an air condi-

tioner according to claim 1, wherein:

the blower means comprises a fan;

the operation noise control method further comprises the
steps of:
detecting an rpm of the fan; and
comparing the detected rpm of the fan with an rpm of

the fan which is set in accordance with the operation
mode; and

only when a difference between the compared rpms of the
fan is within a preset range, the sound wave is radiated
from the sound emitting means.

3. An operation noise control method for an air condi-
tioner according to claim 1, wherein, when the detected
operation mode is other than a preset operation mode, the
sound wave is not radiated from the sound emitting means.

4. An operation noise control method for an air condi-
tioner according to claim 1, wherein:

the blower means comprises a fan;

the operation noise control method further comprises the
step of detecting an rpm of the fan; and

when the detected rpm of the fan is equal to or lower than
a preset rpm, the sound wave is not radiated from the
sound emitting means.

5. An operation noise control method for an air condi-

tioner according to claim 1, wherein:

the air conditioner further comprises a plurality of vertical
louvers in the outlet; and

a plurality of the sound emitting means are disposed for
respective sections divided by the plurality of vertical
louvers.
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6. An operation noise control method for an air condi-
tioner according to claim 5, wherein a width of each of the
sections is set to 85 mm or less.

7. An operation noise control method for an air condi-
tioner according to claim 1, wherein the sound emitting
means is disposed on the air flow guide panel.

8. An operation noise control method for an air condi-
tioner according to claim 1, wherein

the air conditioner further comprises:

a cabinet;
a front panel removably attached to the cabinet; and
an auxiliary panel,

wherein

the air flow guide panel, in an operation stop state of the

air conditioner, closes the outlet and, in an operating
state of the air conditioner, opens the outlet by being
pivoted so as to be open upward or downward and to
cover frontward of the outlet,

when the air flow guide panel is pivoted so as to be open

upward, the upper wall of the duct-like outlet passage
is formed by the front panel and the lower wall of the
duct-like outlet passage is formed by the air flow guide
panel, and

when the air flow guide panel is pivoted so as to be open

downward, the upper wall of the duct-like outlet pas-
sage is formed by the air flow guide panel and the lower
wall of the duct-like outlet passage is formed by the
auxiliary panel.

9. An operation noise control method for an air condi-
tioner according to claim 8, wherein the front panel forms
part of the upper wall of the air flow guide panel, and the
sound emitting means is provided on the front panel.

10. An operation noise control method for an air condi-
tioner to be used by being mounted on an indoor wall
surface,

the air conditioner comprising:

an inlet for introducing air of a room;

an outlet for delivering conditioned air, which is
obtained by conditioning air introduced from the
inlet, to the room:;

a blower passage communicating between the inlet and
the outlet;

blower means for moving air from the inlet to the
outlet; and

an air flow guide panel, sound emitting means, and
reference sound detecting means, which are provided
in a vicinity of the outlet,

the operation noise control method comprising the steps

of:

detecting an operation mode of the air conditioner, the

operation mode including a heating mode and a cooling
mode;
operating the air flow guide panel in accordance with the
detected operation mode including controlling the air
flow guide panel in the cooling mode so as to extend a
surface of the blower passage to form a duct-like outlet
passage on a downstream side of the sound emitting
means and controlling the airflow guide panel in the
heating mode so as to extend an upper surface of the
blower passage to form the duct-like outlet passage on
a downstream side of the sound emitting means;

detecting, by the reference sound detecting means, a
sound wave of operation noise including blower sound
of the blower means;

inverting a phase of the detected sound wave; and
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radiating an antiphase sound wave obtained by inverting
the phase in the duct-like outlet passage from the sound
emitting means, to thereby cancel out the operation
noise,

wherein

the duct-like outlet passage is an enlargement of a part
enclosed by an inner surface of the air flow guide panel
and the upper, lower, left side, and right side surfaces
of the blower passage,

a lateral width of the duct-like outlet passage on a
downstream side thereof is larger than a lateral width of
the duct-like outlet passage on an upstream side
thereof, and

the duct-like outlet passage is formed such that a distance
from the sound emitting means to an edge of an upper
wall of the duct-like outlet passage and a distance from
the sound emitting means to an edge of a lower wall of
the duct-like outlet passage are each larger than a
distance from the sound emitting means to a wall
opposite the sound emitting means.

11. An operation noise control method for an air condi-
tioner according to claim 10, wherein the reference sound
detecting means is disposed on an upstream side of the
sound emitting means in the duct-like outlet passage.

12. An operation noise control method for an air condi-
tioner according to claim 10, wherein:

the air conditioner further comprises correction sound
detecting means, which is disposed in the vicinity of the
outlet; and

the operation noise control method further comprises the
steps of:

detecting, by the correction sound detecting means, a
sound wave after the operation noise is canceled out;
and

correcting the sound wave to be radiated from the sound
emitting means so that detected sound becomes equal
to or lower than a predetermined noise level.

13. An operation noise control method for an air condi-
tioner according to claim 12, wherein the correction sound
detecting means is disposed on a downstream side of the
sound emitting means in the duct-like outlet passage.

14. An operation noise control method for an air condi-
tioner according to claim 12, wherein:

the air conditioner further comprises a plurality of vertical
louvers in the outlet; and

a plurality of the sound emitting means and a plurality of
the reference sound detecting means are disposed for
respective sections divided by the plurality of vertical
louvers, thereby performing canceling control of the
operation noise independently for each of the sections.

15. An operation noise control method for an air condi-
tioner according to claim 14, wherein a plurality of the
correction sound detecting means are each disposed so that
the sound emitting means is sandwiched between the cor-
rection sound detecting means and the reference sound
detecting means in a blower direction.

16. An operation noise control method for an air condi-
tioner according to claim 14, wherein a width of each of the
sections is set to 85 mm or less.

17. An operation noise control method for an air condi-
tioner according to claim 12, wherein:

the correction sound detecting means, the reference sound
detecting means, and the sound emitting means are
disposed on the air flow guide panel so that the sound
emitting means is sandwiched between the correction
sound detecting means and the reference sound detect-
ing means in a blower direction; and
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the correction sound detecting means and the reference
sound detecting means are configured to be switchable.
18. An operation noise control method for an air condi-
tioner according to claim 10, wherein, when the operation
noise detected by the reference sound detecting means is
equal to or lower than a preset noise level, the sound wave
is not radiated from the sound emitting means.
19. An operation noise control method for an air condi-
tioner according to claim 10, wherein:
the air conditioner further comprises a plurality of vertical
louvers in the outlet; and
a plurality of the sound emitting means and a plurality of
the reference sound detecting means are disposed for
respective sections divided by the plurality of vertical
louvers, thereby performing canceling control of the
operation noise independently for each of the sections.
20. An operation noise control method for an air condi-
tioner according to claim 19, wherein a width of each of the
sections is set to 85 mm or less.
21. An operation noise control method for an air condi-
tioner according to claim 10, wherein
the air conditioner further comprises:
a cabinet;

24

a front panel removably attached to the cabinet; and
an auxiliary panel,

wherein

the air flow guide panel, in an operation stop state of the
air conditioner, closes the outlet and, in an operating
state of the air conditioner, opens the outlet by being
pivoted so as to be open upward or downward and to
cover frontward of the outlet,

when the air flow guide panel is pivoted so as to be open
upward, the upper wall of the duct-like outlet passage
is formed by the front panel and the lower wall of the
duct-like outlet passage is formed by the air flow guide
panel, and

when the air flow guide panel is pivoted so as to be open
downward, the upper wall of the duct-like outlet pas-
sage is formed by the air flow guide panel and the lower
wall of the duct-like outlet passage is formed by the
auxiliary panel.

22. An operation noise control method for an air condi-

20 tioner according to claim 21, wherein the front panel forms

part of the upper wall of the air flow guide panel, and the
sound emitting means is provided on the front panel.
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